The fate of polyoma form I DNA generated during replication was investigated in resting BALB-3T3 cells. The experiments showed that there was extensive re-entry of such molecules into replication. This process took place over a period of several hours and appeared to be random. Progeny form I molecules must, therefore, spend some time in a nonreplicating pool before reinitiating replication. We propose that two factors affect the fate of progeny form I DNA. (i) The rate of reinitiation of progeny molecules is determined by the capacity of the initiation machinery. (ii) The extent of re-entry is determined by the availability of maturation proteins which divert form I from replication.
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The experiments of Hirt (5) 9 -cm NUNC petri dish) were plated in 10 ml of Dulbecco modified eagle medium (DME) containing 10% calf serum. At 5 to 6 days after seeding the cultures were exposed to polyoma virus (100 PFU/cell) for 1 h. The cultures were then covered with DME lacking serum. Viral DNA replication began 16 h after infection, reaching a maximum at 34 h after infection.
Virus. Virus stocks of the large plaque strain of polyoma (10) were made through infection of primary baby mouse kidney cells (12) at an input multiplicity of 0.5 to 1 PFU/cell. Cells and medium were collected on day 6 after infection and subjected to low-speed centrifugation. The supernatant was used in the experiments to be described.
Labeling and extraction of DNA. At 24 h postinfection cells were labeled for 20 min with 50 to 100 uCi of [3H ]thymidine per ml (specific activity 20 Ci/ mmol). At the end of this time cells were rinsed twice with DME and covered with medium containing unlabeled 10-6 M thymidine in DME. After 30 min the plates were again washed twice with DME, and the cells were covered with DME containing 5 x 10-5 M BUdR, 2 x 10-" M 5-fluorodeoxyuridine (11), and 9 x 10-8 M deoxycytidine (2, 8) . At varying times viral DNA was extracted by the method of Hirt (6) . The medium was removed, and 0.8 ml of a solution containing 0.01 M Tris, 0.01 M EDTA, 0.6% sodium dodecyl sulfate, pH 7.2, was added. After 10 min at room temperature, 0.2 ml of 5 M NaCl was added to the plate and mixed into the lysate by gentle swirling. The lysate was poured into centrifuge tubes and stored at 4 C overnight. Subsequently, each tube was centrifuged for 30 min at 15,000 rpm in the Sorvall centrifuge. The supernatant is referred to as the Hirt supernatant.
Analysis of viral DNA. Kinetics of re-entry of progeny form I into replication. Twenty-four hours postinfection viral DNA was labeled as described in Materials and Methods. DNA from some cultures was extracted at the end of the cold thymidine chase to determine the amount of label present in replicating molecules. DNA from the remaining cultures was extracted at various times after the addition of the BUdR mixture to determine the proportion of 3H-labeled DNA which re-entered replication. Aliquots of the Hirt supernatant were layered on 5 to 20% alkaline sucrose gradients. Polyoma form I DNA is denatured irreversibly under these conditions. Fractions from the form I peak were pooled, neutralized, and banded to equilibrium in CsCl. (ii) There is very little material between the two peaks; it would seem fortuitous to find all breakdown products in the HL density position. (iii) No HH DNA molecules were seen when the form I molecules were banded at higher CsCl concentration, which would have retained them within the gradient. These should be the predominant species if there were breakdown and re-utilization.
To determine the kinetics of re-entry of form I into replication the percentage of HL DNA (HL/HL + LL) was calculated and is shown in Fig. 3 . At the end of the 10-6 M thymidine chase in this experiment, 89% of the ['H ]thymidine was associated with form I DNA. To determine what proportion of HL molecules arose from the amount of label found in replicating molecules before addition of BUdR, HL/RI was calculated. It is difficult to obtain an accurate value for RI at the end of the chase. An approximation has been obtained by determining the number of counts sedimenting more slowly than form I. Certainly this is a maximum value, since most of the counts in the form II region probably derive from breakdown of form I (9). HL is equal to [(percentage of HL at the end of the BUdR chase) x (the number of counts in form I at the end of the cold thymidine chase)]. Since HL/RI is always greater than one, the number of counts in HL form I DNA must not have been derived solely from the counts in RI DNA at the end of the cold thymidine chase. Similar experiments done at different times after infection yielded results generally similar to those of Fig. 3 . DISCUSSION In the experimental procedure label was permitted to enter viral DNA for a brief time. After incubation in 10-6 M thymidine to allow labeled replicating molecules to complete, BUdR was added to density-label newly synthesized DNA. This protocol leads to daughter form I molecules which contain a 3H-labeled parental strand and a BUdR-labeled newly synthesized daughter strand. Therefore, the HL 3H-labeled molecules extracted at a given time correspond to those originally labeled molecules that have undergone at least one new round of replication during the BUdR chase. LL 'H-labeled molecules are those which have not undergone replication during the same period. As the number of counts in HL form I DNA at the end of the BUdR chase is greater than RI at the end of the 10-6 M thymidine chase (Fig. 3) , those counts could only be the result of re-entry of form I molecules into replication. Two main characteristics of the re-entry process are evident: (i) re-entry is extensive, since it affects about half of the pulse labeled DNA; and (ii) molecules generated during a short time interval (20 min) return to the replicating pool over a period of several hours, suggesting that the phenomenon is random.
The leveling off of the curves after several hours in BUdR deserves special comment. It could derive from accidental events connected with the experimental procedure. This includes (i) cell damage by the biochemically potent substances used or by starvation of cells or (ii) decreased efficiency of BUdR incorporation with time. The evidence ( Fig. 1) for continued incorporation of BUdR at a constant rate during the period when re-entry of form I into replication appears to cease suggests neither of these is the major contributor to che observed cessation. Further evidence that altered BUdR incorporation is not a major factor is shown in Fig. 2 .. After 8 h in the presence of BUdR there are two discrete peaks of radioactivity, the density difference between the two peaks is the same as earlier in the chase, and there is very little material between the two peaks. If the efficiency of BUdR incorporation was decreasing with time one would expect to see a shift in density of 'H-labeled, BUdR-substituted DNA toward the lighter unsubstituted peak (4, 5) .
Alternatively, the cessation of re-entry could reflect characteristics of the infectious process. To discuss the re-entry curves as representative of the infectious process we make the assumption, supported by the kinetic data in Fig. 3 , that labeled and unlabeled molecules are indistinguishable from one another. Thus, the proportion of labeled molecules that undergo replication within a certain time is equal to the proportion of all molecules that replicate within that time. A decreased rate of re-entry of labeled molecules occurs when one or both of the following conditions apply: (i) the pool of form I expands so that the machinery necessary for re-entry into replication is saturated and the re-entry of all such molecules slows down; (ii) molecules of form I are irreversibly blocked from re-entering replication by becoming committed to maturation. Expansion of the pool leads to cessation of re-entry of the labeled mol- ecules only when the number of DNA molecules greatly exceeds the capacity of the replicating machinery. Figure 1 shows that the incorporation of label into DNA over the time course of this experiment increases by at most a factor of 2.7 by 28 h postinfection, at which time re-entry appears to have ceased. Therefore, it is unlikely that pool expansion could be responsible for the cessation. If, however, labeled molecules were irreversibly removed from the nonreplicating pool, the re-entry of form I molecules as measured by radioactivity would cease when all labeled molecules are withdrawn from the pool. As the amount of viral DNA which is encapsidated over the period of time of this experiment is less than 10% of the total labeled form I (A. Roman, unpublished data), there must be accumulation of DNA which has been blocked from re-entering replication but is not totally encapsidated.
We propose that the availability of both initiation protein(s) and maturation protein(s) determines the fate of progeny form I DNA. This is reflected in the kinetics of re-entry. The efficiency of the intiation machinery determines the initial slope of the re-entry curve; the maturation machinery is reflected in the maximum extent of re-entry, percentage of HL. It is likely that the rate of formation of RI occurs initially at an accelerated rate in individual cells if the replicating pool is to expand. Later in infection the constant rate of accumulation of form I DNA suggests that a constant number of molecules undergoes replication. At this time form I molecules may be involved not only in replication but also in partial encapsidation. This model would predict that the slope of the re-entry curve and the extent of re-entry would be greatest when the experiment is initiated early in infection. Our preliminary data support this prediction. If the experiment is initiated 20 h postinfection, when viral DNA is accumulating at an accelerated rate, the initial slope of the re-entry curve is steeper and the final extent of re-entry greater than at 24 or 28 h postinfection, when the rate of DNA synthesis is constant. The suggestion of a limited reinitiation capacity is consistent with the report of Manteuil et al. (7), who concluded that the number of replication sites in growing CV-1 cells infected with simian virus 40 is limited and that the probability of replicated molecules to re-enter replication decreases with time after infection.
